A survey of the natural environment was undertaken in Shetland in 1974, after concern was expressed that large-scale development from the new oil industry could threaten the natural features of the islands. A framework was constructed by the Institute of Terrestrial Ecology on which to select samples for the survey. The vegetation and habitat data that were collected, along with the sampling framework, have recently been made public via the following doi:10.5285/06fc0b8c-cc4a-4ea8-b4be-f8bd7ee25342 (Terrestrial habitat, vegetation and soil data from Shetland, 1974) and doi:10.5285/f1b3179e-b446-473d-a5fb-4166668da146 (Land Classification of Shetland 1974). In addition to providing valuable information about the state of the natural environment of Shetland, the repeatable and statistically robust methods developed in the survey were used to underpin the Countryside Survey, Great Britain's national long-term integrated environmental monitoring programme. The demonstration of the effectiveness of the methodology indicates that a repeat of the Shetland survey would yield statistics about ecological changes in the islands, such as those arising from the impacts of the oil industry, a range of socio-economic impacts, and perhaps climate change. Currently no such figures are available, although there is much information on the sociological impacts, as well as changes in agriculture.
Introduction
In the 1960s, the discovery of North Sea oil off the coast of Shetland, Scotland, meant that the islands had to face the prospect of large-scale development to accommodate the infrastructure surrounding the industry. In the early 1970s, concern was expressed by the county council that such development would threaten the natural features of Shetland, such as landscape and wildlife. Accordingly, in 1974, a survey was commissioned by the Nature Conservancy Council (now Scottish Natural Heritage in Scotland) and organised by the Institute of Terrestrial Ecology (ITE) (now part of the Centre for Ecology and Hydrology) to assess the natural environment of the islands. Although the terrestrial habitats and vegetation survey are the focus of this paper, assessments of freshwater and littoral habitats, sea-bird populations, geology and geomorphology were also undertaken around the same time as part of a larger integrated survey (Milner, 1975) .
The specific objectives of the terrestrial component were as follows:
i. To assess the range of variation within the vegetation of Shetland and to provide a user guide to defined types.
ii. To provide a structural basis for monitoring future change in the vegetation (Bunce, 1975) .
The Shetland Survey was also a stage in the development by ITE of the methodology of strategic ecological survey, as described by Sheail and Bunce (2003) .
The vegetation survey was undertaken using standardised methods outlined by Bunce and Shaw (Bunce and Shaw, 1973; Bunce, 1974) . In order to randomly sample Shetland in a strategic way, the islands were stratified into a set of 16
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Prior to the survey, a two-day training course was held to familiarise the surveyors with the detailed field protocols. Additionally, all survey teams were initially accompanied by a supervisor, and regular visits into the field were made by the project leader to ensure consistency and quality in data recording according to criteria laid out in the field handbook (Bunce, 1974) .
At the time, the statistical sampling methods used were generally not widely used as a method for ecological monitoring, and this was one reason why the results were not reported publicly at the time. The other factor was that the senior author also had other commitments. Therefore, this is the first time that the data and results have been made widely available. There have been many changes in the islands since the survey, both socio-economic and environmental, and the data provide a unique opportunity to explore the changes that have taken place in the vegetation, should a repeat survey be undertaken.
In addition to the survey yielding an interesting set of data in itself, the methodological framework for the survey eventually developed into the largest long-term ecological monitoring project in Britain, the Countryside Survey (CS) (Carey et al., 2008) . CS started in 1978 and was most recently undertaken in 2007.
Shetland
The Shetland Islands cover an area of about 1400 km 2 and consist of over a hundred islands and islets, of which about 15 are inhabited. The southernmost tip of the largest island lies over 160 km north-west of John o' Groats. Lying at the northern limit of the Britain, the isles have considerable biogeographic interest.
The islands are geologically diverse, with the main rock types being metamorphic, including Caledonian schists, gneisses and quartzites. There are also areas of Old Red Sandstone.
The inland topography is gentle, with wide, shallow valleys. Around the coast, there are sheer cliffs, and numerous sheltered inlets or "voes". There are few trees on the islands, and extensive areas are covered in peat, especially on the Mainland and the northern island of Yell. The soils on Shetland are generally poor, with the most fertile land being on the sandstone in the south, where the main crofting districts are located.
The general climate is mild, moist and windy. Although minor changes may be discerned over time (see Sect. 3.3) , there is little variation in temperature through the year, with the average monthly temperature ranging from approximately 3 • C (February) to 12 • C (July) (Met Office, 2015) . The exposed situation of the islands means they are subject to high winds, with about 40 days of gales per year. The rainfall is not extreme (around 1124 mm per annum) (Met Office, 2015) but is distributed throughout the year, so that damp and drizzly days are common.
The survey in context
The survey of Shetland is relevant on a number of levels. Firstly, the data are of local interest to anyone concerned with the ecology and land use of the islands. Should a resurvey be undertaken, potential changes in vegetation could be assessed against a range of local and national socio-economic changes occurring since the 1970s. Secondly, the data are of a wider global significance when applied to the potential effects of global climate change.
Additionally, as described in Sect. 4, the design of the methodology itself is of importance, having been applied to national monitoring schemes in Britain, and beyond.
The survey in a local context
At the time of the survey, a review of the available ecological knowledge regarding Shetland was made by Goode (1974) . Attention was drawn to the major gaps that were present, few of which have since been filled. Insufficient information and detail were available on the islands in McVean and Ratcliffe (1962) . Birse (1974) provided a general account of Sullom Voe and Barkham (1971) and Allot (1971) described aspects of Foula. The specialised habitats of the fell fields and the serpentine are also summarised by Spence (1974) . Most of the published work has concentrated on two specialised habitats -the Fell fields of Ronas Hill and the serpentine habitats of Unst (Spence, 1974) . The small areas of relict scrub, mainly on ungrazed islands in the lochs, are also described by the same author.
The only major paper on the overall vegetation is by Roper-Lindsay and Say (1986) , who used phytosociological methods to describe 17 associations in relation to British, continental and Scandinavian communities. They found difficulties in determining discrete associations because of factors such as intensive land use and the maritime influence. Hence, the present study is the first to provide a complete overview of the vegetation of the islands.
By contrast, the flora of Shetland is relatively well known, for example Scott and Palmer (1987) for vascular plants and Dalby and Dalby (2005) for lichens and as summarised in the BSBI Atlas of the British and Irish Flora (Preston et al., 2002) , which is due to be updated in 2020, and the original bryophyte atlas published in 1991-1994 (Hill et al., 1991) but recently repeated (Blockeel et al., 2014) . Also, Hill and Paton (1976) have reported on the saxicolous bryophytes. The phyto-geographic relationships of the Shetland flora have Earth Syst. Sci. Data, 8, 89-103, 2016 www.earth-syst-sci-data.net/8/89/2016/ C. M. Wood and R. G. H. Bunce: Survey of the terrestrial habitats and vegetation of Shetland, 1974 91 been widely discussed, as summarised by Goode (1974) . Although some species differ in their ecology because of the northern location, the species complement is closely related to that of northern Scotland. Recent overviews of the ecology of the islands are given by Berry and Johnston (1980) and Johnston (1999) . Superficially, the vegetation is similar to northern Scotland except for the extensive maritime influence and the distinctive vegetation on the serpentine, which is similar to that of comparable outcrops elsewhere, for example on Rhum in western Scotland. Although at a lower altitude than in northern Scotland, the sub-arctic vegetation on Ronas Hill is otherwise similar to high altitudes on other Scottish mountains.
In order to obtain a general comparison with the environment and land cover of Shetland with the rest of Britain, data from Britain's national monitoring programme, the Countryside Survey (Brown et al., 2014) , may be used. The overall land cover, described by the CS survey data, is dominated by bogs and acid grassland habitats and provides an independent comparison with the results from the vegetation survey described below. In terms of a general comparison of the environmental characteristics of Shetland with the Outer Hebrides and Orkney using the environmental classes of the ITE Land Classification (Bunce et al., 2007) , the former is shown to indeed be an outlier and is dominated by the most pronounced overall land class -32. Class 32 can be summarised as having variable topography, mainly at medium/low altitudes, peaty soils, peatland and moorland vegetation types, and a landscape of scattered lochs and eroding peat hags (Benefield and Bunce, 1982) . All the other classes in the islands, except one, a marginal upland class, are also upland, showing that Shetland is upland in its affinities even though it has no land at high elevations.
Drivers of potential change -socio-economic factors
Overall, Shetland has undergone a range of changes since the 1970s, largely driven by economic and political factors, most notably the new oil industry. Wills (1991) provides a thorough account of the overall impact of the new Shetland oil industry, describing how the new multi-million-pound terminal at Sullom Voe had major impacts on the traditional culture, economy and environment of the islands. The conflict between economic growth and biodiversity conservation has often been discussed (for example in Chambers et al., 2014; Czech, 2003) , and in the case of smaller island communities, the introduction of economic growth tends to have an even greater impact on the environment than might be the case elsewhere (Daly and Farley, 2011) . Examples of this have been explored in islands around the world, for example in Sakhalin, Russia (Wilson, 2003) , and most recently in the Caribbean (Huettmann, 2015) .
In Shetland, there has been a general decline in traditional crofting agriculture, partly due to the availability of well-paid jobs in the oil industry, and factors such as EU subsidies. Key habitats and species of conservation value are often found in crofting communities; therefore these are now under threat (Scottish Rural Development Programme, 2016) . Additionally, the demography of the crofting community is changing and many common grazings now have insufficient active adults to undertake routine operations such as sheep roundups. This has seen fairly widespread apportionment (fencing of hill shares) which has broken up large hill units.
Sheep numbers have fluctuated in response to headage subsidies from the EU, from around 265 000 in 1971 to nearly 400 000 in 2001 (Scottish Government, 2016) , with the associated grazing pressures. This figure reduced to around 280 000 in 2010 as a result of subsidies switching to area payments in the early 2000s and agri-environment schemes encouraging better stewardship of the land. Additionally, the amount of land put to silage has increased markedly since the 1970s, whilst at the same time the amount of arable has dropped (Scottish Government, 2016) ,
The availability of grant aid from the Local Authority (as a result of oil income) meant that there was a considerable amount of re-seeding, surface seeding or liming of moorland/heathland, as well as large drainage schemes. Now that the economic situation is currently less favourable, there is no money available to crofters for these activities, and much of this improved land is reverting back (Scottish Natural Heritage, 2002) .
Peat is frequently used as a domestic fuel in Shetland. Peat cutting has declined, although there has been a small resurgence in recent times, in response to high oil prices. Mechanised cutting can seriously damage blanket bog by draining the peat and destroying large areas of surface vegetation. However, there are now only a few commercial peat cutting operators and the practice is currently viewed as unsustainable (Scottish Natural Heritage, 2002) .
The construction of the third largest wind farm in Scotland (Viking Energy, 2016) , due to be built in the near future, could also affect the vegetation of this islands by altering the local microclimate.
Sulfur deposition from shipping is also likely to have had a certain impact on the Shetland environment, as well as oil spillages. A notable oil spillage occurred in 1993, when the MV Braer ran aground off the islands, carrying 85 000 tonnes of crude oil. The significant and persistent environmental effects of major oil spills such as these is emphasised by Ott (2005) in relation to the 1989 Exxon Valdez spill off Alaska.
Drivers of potential change -climate change
It would be expected that the most significant drivers of changes in the vegetation and habitats would be largely the socio-economic factors described. However, there is also the possibility that climate change may have already had some effect on the Shetland vegetation, and may do so in the future. Changes in the climate since the 1970s have not been great, but from the climate data presented in Fig. 1 , there appears to be a trend towards higher temperatures and wetter winters. In the next 50 years, average temperatures are predicted to rise by 0.5-1.5 • C, with 6-13 % more rainfall (Scottish Natural Heritage, 2002) .
In a European context, Shetland is located in the Atlantic North zone, as described by Metzger et al. (2008) . The Atlantic environment is relatively stable compared to other regions, and is not expected to change dramatically in extent or location in comparison to other zones . However, the effects of potential climate change are difficult to predict. The species and habitats most likely to be affected are those which are close to the limits of their range, such as arctic-alpine plants. In Shetland, due to the cool winds, arctic-alpine species are present at much lower altitudes than would be expected on the British mainland. These species include Carex bigelowii and Silene acaulis. A warmer climate would perhaps result in a loss of these arctic-alpines and an increase in more generalist species, such as Agrostis tenuis and Festuca rubra. The Global Observation Research Initiative in Alpine Environments (GLORIA) project has yielded research from the Swiss, Austrian and Italian Alps showing that warming causes arctic-alpine species to retreat to elevations higher than those pre-warming (Grabherr et al., 2010) . As Shetland does not have higher elevations, it is likely the arctic-alpine species there would be lost in the event of climate warming. Monitoring these species in the islands would provide an early warning of the effects of climate change. Additionally, as this survey covers a range of functional plant types, changes in these could also be analysed in the context of climate change.
Survey design: site selection and stratification
The method used to undertake the survey initially requires that an environmental classification of the whole area in question (in this case, Shetland) is constructed using multivariate analysis of environmental characteristics to produce a set of strata, or areas of relatively homogenous regions. These strata can then be used for randomly selecting sample sites in order to sample ecological parameters such as vegetation. By using this statistically robust method, it is then possible to scale up the results from the sample sites to describe the entire population.
By the end of the 1970s, this idea of stratifying the landscape led to the successful creation of a stratification for the whole of Great Britain, known as the "Institute of Terrestrial Ecology (ITE) Land Classification of Great Britain" (Bunce et al., 1990 (Bunce et al., , 1996a . Although this has developed over time (Bunce et al., 1998 (Bunce et al., , 2007 , the basic stratification still underpins the CS (Carey et al., 2008) .
Land stratification -"ITE Land Classification of
Shetland"
This "ITE Land Classification of Shetland" separated the 2046 km 2 of the grid of the national mapping agency, the Ordnance Survey, into 16 relatively homogeneous units (known as strata, or "land classes") with similar environmental characteristics and geographical features, ascertained from a map study. Most of the criteria were derived from one-inch-to-a-mile (1 : 63 360) Ordnance Survey maps, with the 18 geological attributes being recorded from the quarter-inch geological map (British Geological Survey, 1963), which was the only one to give complete cover. It was decided to use the 1 km grid squares as the sampling unit, as these have the advantage of being fixed and readily referable between maps of different scales. The range of geographical factors on a map can be broadly divided into physical attributes (such as hills, valleys, coastlines) and features of human geography (for example roads and houses), and it was decided from the outset to consider only the physical geography of Shetland in order to provide a classification which would be readily interpretable in terms of landform.
The geographical features fall into two types:
i. Continuous, e.g. altitude and slope, which can be represented as an integer or decimal number.
ii. Attribute data, in which the feature is either present or absent, e.g. a cliff or hill top.
The full list of 150 attributes is given in supporting documentation supplied with the data set (Bunce, 1975) .
There are 2046 one-kilometre squares in Shetland containing some land, which were each allocated to one of the 16 strata using indicator species analysis (now TWINSPAN) described in Hill (1973) and Hill et al. (1975) as shown in Figs. 2 and 3. The environmental classes were produced using an arbitrary stopping rule. The first division of the environmental classification was on the basis of inland versus coastal features (Fig. 3) . The eight coastal types are distinguished by the different proportions of sea and inlets such as voes. The eight inland classes are based on exposure and drainage patterns. Overall, it was found that the square's relationship with the sea dominated the classification. A summary description of the classes is given in Table 1 .
Sampling sites and plots
The sample survey sites were based on 1 km 2 units randomly selected from across Shetland, as shown in Fig. 2 . Five of these square units were randomly chosen from each of the 16 strata (or land classes) for survey, giving a total of 80 1 km 2 units to be surveyed. Within each selected 1 km 2 unit (or survey site), 16 individual 200 m 2 plots were chosen for detailed survey (Fig. 4) . In order to allocate the location of these, each of the 80 selected 1 km 2 units was split into 16 equal sub-squares using an overlay grid, and a point location for the 200 m 2 plot was then randomly selected from within each of the 16 subsquares. If a sub-square contained no land, that sub-square (and hence plot) was omitted from the survey; therefore, between 1 and 16 plots were surveyed for each of the 1 km 2 units. In total, 927 plots of 200 m 2 were selected, although only 911 of these plots were actually surveyed as occasionally it was not possible to record the plot due to inaccessibility of a particular piece of land, for example due to a dangerous cliff or cultivated land. The location of each plot was marked on a one-inch-to-a-mile (1 : 63 360) map.
A key aim of the sampling design was that the methods chosen should be standardised, therefore highly repeatable. The size of the plot was chosen with reference to continental phytosociologists, who at the time most widely used plots of between 100 and 200 m 2 (Bunce and Shaw, 1973) . After preliminary field tests, it was found that the number of species recorded usually stabilised at this size. The area of 200 m 2 was thus adopted for this survey, with five nests within (Fig. 5) . This design of plot aids a systematic search of the vegetation within; it is also straightforward to layout in the field, and ensures a standard-sized plot is laid out every time. The plots were constructed as shown in Fig. 6 , with one centre post and four corner posts, with a set of four strings tagged with markers at specified distances. The centre post had a right-angled gauge affixed to the top in order to orientate the plot at random. In the field, plots were located using the prepared map, and then by pacing from the nearest relocatable feature. It was stressed in the field handbook that there should be no subjective bias in locating the plots on the ground, and the plots in the field should be located as accurately as possible from the map. Data were then collected on ground flora, soils and habitat characteristics for the plot. A habitat sheet for the area within 50 m of the plot was also compiled.
The sampling intensity of 16 plots per site was originally used in a previous survey, the Woodland Survey of Great Britain in 1971 , and was chosen on the basis of previous experiences in surveying a wide variety of sites in the north of England and Wales. It also coincided with the time and manpower available (Bunce and Shaw, 1973) .
Data collected
An overview of all the data collected from the survey is given in Table 2 . These categories are described in more detail in the following subsections.
Site information, plot locations and information, slope and aspect
For each plot surveyed, both from within the 200 m 2 plot and from the surrounding area to within 50 m of the edge 
LAYOUT OF VEGETATION PLOT
Distance string position from centre -1/2 diagonal: Q1 = 4m 2 quadrat (2 x 2m) = 1.42m diagonal Q2 = 25m 2 (5.00 x 5.00m) = 3.54m Q3 = 50m 2 (7.07 x 7.07m) = 5.00m Q4 = 100m 2 (10.00 x 10.00m) = 7.07m Q5 = 200m 2 (14.14 x 14.14m) = 10.00m
Not to scale of the plot, the presence and absence of a series of attributes were recorded. Attributes included physical factors such as the presence of rock or cliffs; habitat-related factors such as the presence of heather, bryophytes and trees; aquatic habitats such as ponds; presence of buildings, quarries or rubbish; presence of animals and birds; and also boundary types and nearby land use. All classes within each of the pre-defined habitat categories which were relevant to the survey area were marked off on the appropriate data sheet. Precise def- initions for each habitat category and its classes were provided, and a full list of habitats may be found in the 1974 field handbook (Bunce, 1974 ) (supplied as supporting documentation with the data sets). The slope of each plot was measured using a clinometer from the highest to lowest point passing through the centre of the plot. The aspect was taken bearing down the slope, measured with a magnetic compass.
Vegetation data
Within the plot described in Fig. 5 , the area within the first nest of the plot (2 × 2 m) was searched for the presence of all vascular plants (monocots, dicots, gymnosperms and ferns, including tree species) as well as bryophytes and macrolichens growing on soil. This procedure was repeated for each nest of the quadrat, increasing the size each time as shown in Fig. 5 . In the final nest (the whole 200 m 2 plot),
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the percentage cover (to the nearest 5 %) of each species was estimated. In addition, the total cover of bryophytes was estimated from the entire plot, as was an overall estimate for litter, wood, rock, bare ground and standing water.
Soil data
The soil of each plot surveyed was classified by horizon using a set of standard categories. In the centre of each plot a shallow pit was dug to enable examination of the surface layers of soil, and auger samples were taken to classify lower horizons. Precise definitions for each of the descriptive categories used and are detailed in the field handbook. A sample from the top 10 cm was taken away for pH analysis. A single composite soil sample was taken from each plot, at the centre of the vegetation quadrat, using a trowel. Samples (weighing approximately 1 kg) were taken to a depth of 15 cm and placed in a labelled plastic bag. A pH reading was taken on a representative fresh subsample from each soil sample, using a field pH meter.
Data quality and repeatability
During the survey, all survey teams were initially accompanied by a supervisor and regular visits into the field were made by the project leader to ensure consistency and quality in data recording according to criteria laid out in the field handbook (Bunce, 1974) . The data sets were transferred from the original field sheets to spreadsheets in the 2000s. They were checked and corrected to produce a final validated copy. Standard validation checks included plot and site counts to ensure no duplicate numbering and hence double counting of plots; also, range checks were undertaken where possible for values falling within certain ranges, such as soil pH or slope values.
In terms of the soil data, the descriptive profile data were collected to the standards set out in the training and field handbook, but these were not formally checked for quality aside from checks from supervisors during the survey.
In terms of the representativeness of the plot information across a wider area, an analysis is presented in the survey report (Bunce, 1975) . This analysis was undertaken on the Walls Peninsula, an area of Shetland, and compares the results gained from the plot information against information from aerial photographs. The correspondence between the different values was found to be reasonably close at a broad vegetation category level (Table 3) .
The methodology has subsequently been developed further (for example in CS; Maskell et al., 2008b) to include a habitat mapping component to capture the variation in habitats across 1 km squares. This could perhaps be usefully incorporated into a repeat survey of Shetland.
In terms of repeatability, it is certainly the case that statistical analyses of temporal vegetation change are more powerful when based on records from plots located in the same In the repeat survey, the field surveyor relied only on the marked point on a map as the sole aid to relocating the 1971 plot location (as would be the case in a repeat survey of Shetland). Consequently, there is the potential for considerable relocation error. The expectation is that, having made an effort to move near to the mapped point, the plot records from the repeat survey will, on average, be more similar to the respective 1971 plot record than if a completely new, random set of locations were chosen. Even if vegetation change occurs, species compositional data recorded from the same point at times 1 and 2 will tend to be more similar than data recorded from two random points at times 1 and 2. In attempting to measure the amount of relocation error, one cannot of course exploit a "true" set of temporal pairs known to have been recorded in exactly the same position. What can be done is to compare the average species compositional similarity between the ostensibly true temporal pairs with the average similarity for a random pairing of the 1971 data with the 2001 data. If, on average, attempts to relocate the true 1971 position had been successful, then the similarity between the true pairs should be greater than the random pairs. Overall, at 97 of the woodland sites (out of 103), mean similarity was greater between "relocated" plot pairs compared to random-pair comparison; for 59 sites the difference was significantly greater -therefore we were satisfied that the relocation error was not significant when interpreting any results. A full account of this is given in Appendix 3 of Kirby et al. (2005) .
Analysis to date
Aside from the initial analyses undertaken in the final report in 1975, little analysis has been undertaken using the data since, largely due to the authors' other commitments and the inaccessibility of the data set to other workers. The analyses undertaken to date are described in the following subsections. 
Vegetation survey
The frequencies of species found in the survey confirm much of what has been written about the phyto-geography of the islands, in that the majority of the species are wide-ranging members of heath and bog communities throughout Scotland. The arctic-alpine species present in Shetland are of restricted distribution. However, those that are present often (atypically) extend to sea level. The dominant species found in the survey are typical of the northern habitats of Britain. Along with several species of mosses, Calluna vulgaris had the highest frequency, followed by Potentilla erecta, Carex panicea, Nardus stricta and Juncus squarrosus (Table 4) .
(Nomenclature follows that of Clapham et al., 1952 , as used at the time of the survey.) In the original survey report (Bunce, 1975) , indicator species analysis (ISA) (Hill et al., 1975 ) (now TWINSPAN) (Hill and Šmilauer, 2005) was used to classify the species lists into 32 classes. The first division was on the basis of heathland species such as Empetrum nigrum as opposed to grassland species such as Holcus lanatus. Subsequent divisions separated classes such as the serpentine grasslands and different types of blanket bogs.
Species groups were constructed from the vegetation data and were designed to help explain details of the structure of the vegetation in Shetland. The groups differed widely from those in Britain and reflect the unique nature of the vegetation of the islands. Details are given in the full report with a discussion of their characteristics (Bunce, 1975) . Detailed descriptions of the vegetation classes are included, including the most frequent and dominant species.
The majority of the vegetation is associated with blanket peat, which also intergrades with acid grassland. Agricultural grasslands and serpentine grassland diverge as separate groups. Surprisingly, only two groups are directly controlled by management -peat cutting and burning; the reminder are controlled by environmental factors.
In the 1975 report (Bunce, 1975) , the principal axes of variation in the vegetation were correlated with those of the environment using orthogonal regression. The primary axes were correlated with an r value of 0.877, showing that the main gradients are highly correlated. The first axis of the environment is from acid blanket bogs to fertile grasslands, which compares with a gradient of wet peat soils of low pH as compared with mineral moist soils of relatively high pH. The factors that limit peat formation are the relatively nutrient-rich bed rocks, the maritime influence and good drainage. All the fertile soils have been used for agriculture, which has increased inputs such as fertiliser and manure adding to the fertility and further divergence from the peatlands. Further detailed discussion is available in the report (Bunce, 1975) , but the conclusion is that, with such high correlation, there would have to be major changes in nutrient inputs to deflect the status of a given patch of vegetation in the short term. However, if agricultural inputs had declined to a major degree in the 40 years since the survey, it would be expected that there would be a shift towards more acidic soil conditions.
Resource assessment
As the relationship between the vegetation plots and the environmental land classes is known, the coverage of the plot types throughout the islands may be calculated. The 32 plot types described above were grouped into convenient classes and key species identified as follows, presented with an overall estimate of the percentage of the islands covered:
Calluna/Eriophorum 37.1 %, Calluna/Nardus 23.3 %, This analysis was the first of its type where cover was calculated from a statistical sample and shows the dominance of bog and heathland vegetation in the islands. By performing analysis in this way, maps may be produced to show the distribution of different vegetation types, an example of which is shown in Fig. 7 , showing the estimated distribution of the Calluna/Eriophorum group. The basics of this type of analy- sis later came to form the basis of calculations of the national estimates of broad habitats (Jackson, 2000) in Britain, as calculated from Countryside Survey data (Scott, 2008; Barr et al., 2014a, b; Bunce et al., 2012; Brown et al., 2014) .
Methodology as a framework for long-term monitoring
The survey methods were based on those first successfully developed for surveying woodlands across Great Britain Bunce and Shaw, 1973) . Whereas that survey had focused on woodland sites, the Shetland survey was the first time that samples were being used to obtain an integrated assessment of the response of vegetation to the environment across a defined population across a whole landscape and range of habitats. It was the first project to complete all the stages of land classification, survey, statistical analysis of vegetation and environment through to the estimation of the extent and distribution of ecological resources. The structure of the project provided the basis for the further development of strategic survey methods. The methods developed throughout the 1970s and continued to be tested on a regional basis, as in the Cumbria Survey (Bunce and Smith, 1978) . Although the Shetland survey took place over 40 years ago, the basic methodology has come to underpin much larger and more significant surveys across the whole of Great Britain. The 1 km square unit sampled at random, with random plots sampled within, became a standard sampling strategy, variations of which are currently used very successfully in several large ecological surveys in Britain, such as the Countryside Survey (Carey et al., 2008) and the Glastir Monitoring and Evaluation Programme (Emmett and GMEP team, 2014) . In these surveys, the methods are now implemented very successfully using handheld computers to assist recording the field data and global positioning systems to record the location of the vegetation plots. The development of geographical information systems has greatly facilitated the types of analyses able to be undertaken using this kind of data, and has enhanced the use of the capturing ancillary explanatory data sets, as described in the Integrated Assessment Report for the Countryside Survey (Smart et al., 2010) . Outwith the UK, within the European Biodiversity Observation Network (EBONE), methods adapted from the basic principles of the Bunce and Shaw methods have been developed to roll out across the whole of Europe (Bunce et al., 2011 . During the EBONE project, the methods were widely tested across 12 European countries, and also Israel, Australia and South Africa. The methods were proven to be robust, reliable and repeatable at a continental, landscape scale (Roche and Geijzendorffer, 2013) .
The repeatability of the methods has been proven in large surveys such as the Woodland Survey of 1971, repeated in 2001 , and the Countryside Survey (CS) of 1978 , repeated in 1990 , 2000 (Carey et al., 2008 Norton et al., 2012; Sheail and Bunce, 2003) . The plots from both of those surveys were sufficiently accurately marked on 1 : 10 000 maps in order to relocate the plot again accurately, as discussed in Sect. 6. Changes in vegetation have been monitored in Britain at roughly 10-year intervals since 1978 via the CS, demonstrating the robustness of the procedure. The major difference between the Shetland Survey and the CS being that 16 (200 m 2 ) plots were surveyed in each kilometre square on Shetland, whereas only 5 (of that size) were used in the CS, partly because of the experience gained in Shetland, and partly due to the time considerations in surveying the whole country. In the CS, although there are fewer plots (5 × 200 m 2 plots), a habitat mapping component has been introduced, whereby areas of broad and priority habitats (Jackson, 2000) are mapped across each 1 km 2 , giving the ability to estimate the overall stock of these habitats across the country. Additional smaller plots are also recorded (Maskell et al., 2008a) . In Shetland, as in the individual woodlands of the Great Britain Woodland Survey (Kirby et al., 2005; , the data from the 16 plots are relied upon to describe the overall population. Parr et al., 2003) and worldwide (for example Global Earth Observation System of Systems; Lautenbacher, 2006) . All of these have their own merits; however, many programmes have a narrow focus, and most have different measurement protocols and sampling designs (Parr et al., 2002) . More recently, a consideration of habitat monitoring in Europe by Lengyel et al. (2008a) highlights several factors that would be desirable when planning monitoring schemes but which are factors often lacking. In particular, spatial variations are barely monitored in over half of the monitoring schemes in Europe, schemes pre-1990 are rare, and few schemes use advanced statistical methods to present the data. In terms of the Shetland survey, spatial variation is a key factor in the design of the survey; the survey is historically significant, being first undertaken in 1974; and the data have been collected in such a way that advanced statistical methods can be applied effectively.
When considering the integration of monitoring programmes across geopolitical zones, issues remain such as the ability to aggregate data across scales, the consistent monitoring of global biodiversity change, and linking of in situ and earth observations (Metzger et al., 2013a) . The underlying principles of the Shetland/CS methodology provide an ideal framework for the planning of large-scale monitoring, not only in Britain but also across Europe and worldwide. Metzger et al. (2013a) describe how the idea of environmental stratification as a basis for environmental survey would be ideal to start addressing some of these issues. Indeed, stratifications of Europe and the world have already been produced (Metzger et al., 2005 (Metzger et al., , 2013b . The integration of surveys across Europe is discussed in Lengyel et al. (2008b) , who recommend methodology such as BioHab in order to increase the potential for integration. By using the general habitat categories described in , data from this Shetland survey could be analysed in a European context and could enhance the understanding of landscape ecological change, in terms of a range of drivers.
Conclusions
Considering the increased popularity in tourism and the high profile of Shetland in national news since the oil industry arrived, it is surprising that there has been little interest in the overall vegetation for the last 30 years, considering the expansion of ecological research. In addition to being a key milestone in the development of methodology for largerscale monitoring programmes such as the British Countryside Survey (Carey et al., 2008) and the Welsh Glastir Monitoring and Evaluation Programme (Emmett and GMEP team, 2014) , the 1974 Shetland Survey data provide a unique baseline from which changes in the vegetation could be determined from repeated locations. A repeat survey or monitoring programme based on the framework described in the present paper would not only yield important scientific results but, when interpreted using the modern procedures developed in Countryside Survey, could also be converted into policy-relevant conclusions and would add considerable value to the existing data sets. The methodology has been shown to be robust and has been used in the CS to follow changes over 30 years. CS has had considerable impact in shaping government policy in biodiversity, particularly in the realm of hedgerow legislation (Barr and Gillespie, 2000; Petit et al., 2003; Anonymous, 1997) . None of this would have been achieved had the methodology not been grounded on a sound statistical base.
Within the CS project, changes taking place in the character of the vegetation can be detected, as well as their underlying causal factors. In Shetland, there are a range of factors which could have had an impact on the vegetation in the last 40 years. These include fluctuations in sheep numbers, which affect grazing intensity, and therefore vegetation composition; a decline in traditional crofting, with a possible associated loss in key habitats and species; heathland improvement schemes; peat cutting, which can damage the surface of blanket bog at intense levels; wind farm construction, which can potentially alter an area's microclimate and therefore vegetation; and also sulfur deposition from local shipping and oil deposition, particularly that spilled from the Braer oil tanker, which ran aground off Shetland in 1993.
In the event of a repeat survey, it would be possible to investigate any potential effects of climate change. Since the 1970s, there appears to be a trend towards higher average temperatures and wetter winters in Shetland. Monitoring the sensitive arctic-alpine species found at unusually low elevations in Shetland could serve as an early warning of the effects of climate change in a global context. The analysis of the wide range of plant types surveyed could also potentially provide information on the effects of any climate changes.
A key benefit of the repeatable methodology described is that it gives an unbiased assessment of change, as shown in the case of the CS and Woodland Survey. A repeat survey of Shetland would provide objective information about the extent of the changes in vegetation since 1974. Results from the repeat surveys and analysis of vegetation changes from the Countryside Survey (Carey et al., 2008) and the British Woodland Survey Kirby et al., 2005) have both shown unexpected results that would not have been revealed, had these objective methods not been used. 
Data availability
The data sets have been assigned digital object identifiers and users of the data must reference the data as follows:
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